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Abstract

Hypercoagulability and altered lipid metabo-
lism, which are observed in normal pregnancy,
can be enhanced in diabetes mellitus. The aim
of the study was to evaluate the influence of
glycemic control on coagulation and lipid
metabolism in women with pregestational
(PGDM) and gestational (GDM) diabetes
treated with insulin. There were 50 patients
with PGDM and 101 patients with GDM
enrolled into the study. Serum lipid and coag-
ulation parameters were assessed at 18–22,
25–28, and 31–34 weeks of pregnancy and
were compared within the diabetic groups
with reference to the effectiveness of glycemia
control. We found that poor glycemic control
was associated with shortened activated partial
thromboplastin time (APTT) and increased
activity of antithrombin III (ATIII) in both

diabetic groups and with a higher plasminogen
activator inhibitor (PAI-1) content level in the
GDM group. Poorly controlled PGDM was
associated with higher levels of total choles-
terol and high-density cholesterol (HDL) in the
second trimester and triglycerides in the third
trimester. In patients with poorly controlled
GDM, a higher concentration of HDL was
observed in third trimester, whereas a higher
triglyceride level was found in both second
and third trimesters. Positive correlations
between total cholesterol and APTT and
between triglyceride and APTT and ATIII
were found in the poorly controlled PGDM
group. We conclude that poor glycemic con-
trol of diabetic pregnancy impacts both lipid
metabolism and the blood coagulation system.
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1 Introduction

Increased levels of coagulation factors, enhanced
thrombin generation, and suppression of
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fibrinolysis are commonly found in women with
uncomplicated pregnancy (Akinci et al. 2008;
Comeglio et al. 1996). As pregnancy advances,
changes in lipid metabolism become significant.
The content of cholesterol increases by 30–60%
and reaches the highest values at about 32 weeks
of pregnancy. Phospholipids, especially lecithin,
sphingomyelin, and cephalin, free fatty acids,
triglycerides (TG), and high-density (HDL),
low-density (LDL), and VLDL lipoprotein
fractions, also increase (Grimes and Wild 2018).
Maternal hyperlipoproteinemia observed during
pregnancy helps the fetus adapt to an unfavorable
diabetic environment.

Diabetes mellitus enhances activation of
platelets and clotting factors (Grandl and
Wolfrum 2018). Plasma coagulation activation
markers, such as prothrombin activation fragment
1 + 2 and thrombin-antithrombin complexes, are
elevated along with other clotting factors includ-
ing fibrinogen, kallikrein, von Willebrand factor,
and factors VII, VIII, XI, and XII. The fibrinolytic
system is relatively inhibited in diabetes due to an
increase in plasminogen activator inhibitor
(PAI-1) content and the presence of abnormal
clot structures that are more resistant to degrada-
tion (Kamgar et al. 2006; Vaughan 2005). Periph-
eral blood platelets are hyperactive in diabetes,
which manifests in platelet aggregation in
response to the action of platelet agonists,
increased platelet contractile force, and the pres-
ence of platelet-release products (Carr 2001).

The relationship between lipid metabolism and
coagulation cascade is based on the “lipid hypoth-
esis” or “Grutzbalg hypothesis” (Yee et al. 2001).
Hypertriglyceridemia is associated with factor
VII activation and thus stimulation of the extrin-
sic coagulation pathway, which takes place
through the action of a contact system. The acti-
vation of the contact system, in turn, stimulates
the intrinsic coagulation pathway by acting on
factors XI and IX. Factor XII undergoes self-
activation owing to the contact surface created
by saturated long-chain fatty acids (Lyons and
Basu 2012).

Passive diffusion of glucose into endothelial
cells can lead to increases in intracellular glucose
concentrations, which increases oxidative stress

arising from the degradation of glucose
metabolites. Likewise, advanced glycosylation
end products (AGE), which result from intracellu-
lar hyperglycemia, are involved with vascular
damage. Further, protein glycation promotes
macro- and microvascular damage. Lastly, it has
been reported that hyperglycemia leads to a hyper-
coagulable state (Brownlee 2005; Carr 2001).

Hyperglycemia leads to the degeneration of
endothelial cells and neurons triggering the fol-
lowing main metabolic pathways: polyol path-
way, late protein glycation, activation of protein
kinase C, and the hexosamine pathway (Bornfeldt
and Tabas 2011; Moreno and Fuster 2004). The
last two pathways increase the PAI-1 content,
which promotes inhibition of fibrinolysis and
enhances coagulation. Oxidative stress, devel-
oped in the course of hyperglycemia, specifically
impairs endothelial functions, which associates
with prothrombotic propensity (Guerin-Dubourg
et al. 2017; Brownlee 2005). On the other hand,
hypercoagulability and altered lipid metabolism,
which are the features of normal pregnancy, can
exaggerate in the presence of diabetes (Grimes
and Wild 2018; Cerneca et al. 1997). In the face
of the intertwined relationships among preg-
nancy, diabetes, oxidative stress, and the blood
coagulation cascade above outlined, we set out to
examine in this study the influence of glycemic
control on the coagulation and lipid metabolism
in women with pregestational (PGDM) and ges-
tational (GDM) diabetes treated with insulin.

2 Methods

The PGDM group consisted of 50 patients with
pregestational diabetes, which included
40 patients with White class B-D (PGDM B-D
group) and 10 patients with RF class (PGDM RF
group). The GDM group consisted of
101 patients, diagnosed with an oral glucose tol-
erance test (75 g glucose load), carried out
between 24th and 28th gestational week, who
required treatment with diet and insulin.

Glucose content was measured 5 times a day,
and it was averaged for the 2nd and 3rd trimester
of pregnancy. Glycated hemoglobin (HbA1c) and

82 J. Teliga-Czajkowska et al.



fructosamine contents were measured at 6-week
intervals, and they also were averaged for the 2nd
and 3rd of pregnancy. The groups were divided
according to effectiveness of glycemic control.
Criteria for good glycemic control were as
follows: mean fasting blood glucose <95 mg/dL,
mean HbA1c level < 6.0%, and mean
fructosamine concentration < 280 mg/dL. Distri-
bution of patients in the groups is presented in
Table 1. Clinical data, obtained from medical
records, are presented in Table 2.

In the 2nd trimester, blood samples were taken
twice in PGDM patients (between the 18th–22nd
and 25th–28th pregnancy week) and once in
GDM patients (between the 25th and 28th preg-
nancy weeks). In the 3rd trimester, blood samples
were collected from all patients between the 31st
and 34th pregnancy weeks. The following blood
indices were determined to evaluate coagulation
and fibrinolytic activation: number of platelets,
prothrombin time (PT), activated partial thrombo-
plastin time (APTT), thrombin time (TT), fibrin-
ogen concentration, antithrombin III (ATIII)
activity, globulin clot lysis time, and plasminogen
activator inhibitor (PAI-1) activity. The activities
of plasma ATIII and PAI-1 were determined

with a coagulometric method (Bio-Ksel Sp. z o.
o., Grudziądz, Poland) and with a Spectrolyse
PAI-1 kit (American Diagnostica Inc.,
Greenwich, CT), respectively. Total cholesterol
(CH-T), LDL, HDL, and TG contents were the
lipid indices measured in the blood. The assess-
ment of carbohydrate metabolism also included
the mean fasting glycemia, the mean postprandial
glycemia, and the diurnal glycemia in consecutive
trimesters of pregnancy.

Data were presented as means �SD.
Differences between the two groups were
assessed with student’s t-test after the confirma-
tion of normality of data distribution. Spearman’s
correlation coefficient was used to establish the
relationship between parameters. A p-value <0.05
defined statistically significant differences.

3 Results

Glycemic control had a significant effect on the
results of coagulation tests in women with PGDM
and GDM in both the second and third trimesters
of pregnancy (Table 3). The patients whose

Table 1 Glycemic control in patients with pregestational (PGDM) and gestational diabetes mellitus (GDM)

Good glycemic control Poor glycemic control

PGDM 15 (30) 35 (70)
GDM 73 (72) 28 (28)

Values are n (%) of cases in a group

Table 2 Clinical characteristics of patients with pregestational (PGDM) and gestational diabetes mellitus (GDM)

PGDM B-D group* PGDM R-F group* GDM group

n ¼ 40 n ¼ 10 n ¼ 101

Age (years) 29.3 � 6.25 27.0 � 5.4 33.4 � 6.3
Parity – multiparas (n) 22 (55) 4 (40) 62 (61.4)
BMI before pregnancy (kg/m2) 24.0 � 5.0 22.0 � 2.0 28.3 � 6.5
BMI before delivery (kg/m2) 28.5 � 4.4 27.8 � 2.3 32.2 � 6.0
BMI increase during pregnancy (%) 19.7 � 10.2 26.0 � 9.5 15.1 � 11.0
Positive family history of diabetes mellitus (n)
1st degree relatives 9 (22.5) 2 (20.0) 42 (41.6)
Other relatives 12 (30.0) 2 (20.0) 67 (66.3)

Previous diagnosis of GDM (n) 1 (4.5) 0 7 (11.3)
Previous diagnosis of hypertension (n) 3 (7.5) 3 (30.0) 16 (15.8)

Values are means �SD or n (%) of cases in a group; according to the White classification of diabetes during pregnancy
(Murthy et al. 2002)
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glycemia was poorly controlled had a shorter
mean APTT and a greater activity of ATIII. In
addition, patients with poorly controlled GDM
presented a higher mean PAI-1 activity in both
trimesters. Glycemic control had inappreciable
effects on the other indices measured such as the
platelet count, fibrinogen content, PT, and TT in
either trimester of pregnancy in both PGDM and
GDM patients.

Poorly controlled glycemia hampered lipid
metabolism in pregnancy. In the PGDM group
with hyperglycemia, CH-T was elevated in both
trimesters, whereas the levels of HDL and TG
were elevated in the 2nd or 3rd trimester in either
group, respectively. In the GDM group, poor
glycemic control was associated with a higher
HDL content in the 3rd and a higher TG content
in both the 2nd and 3rd trimester. There were no
significant differences in CH-T content in this
group (Table 4).

The PGDM group with poor glycemic control
was selected to evaluate the correlation between
lipid and coagulation indices. The analysis
excluded the GDM patients, as the duration of
diabetes in this group was considered too short to
expect a consolidation of changes in both lipid
and coagulation metabolism. Both CH-T and TG
were associated with APPT, and TG was
associated with ATIII activity. A particularly pro-
nounced relationship was noticed between TG
content and APTT (r ¼ 0.35; p < 0.01) (Table 5).

4 Discussion

Pregnancy acts to increase the propensity for
coagulation and impairs fibrinolysis, which is a
manifestation of the adaptive mechanism to pre-
vent excessive bleeding from the placental site
during labor and postpartum (O’Riordan and
Higgins 2003). Likewise, diabetes creates a
hypercoagulable state due to increased activation
of platelets and prothrombotic coagulation
factors, accompanied with a decrease in fibrino-
lysis (Gorar et al. 2016; Alzahrani and Ajjan
2010). Among the proposed mechanisms of the
prothrombotic influence of hyperglycemia, there
are oxidative stress, along with its direct effect on
gene transcription of coagulation factors, loss of
the endothelial glycocalyx layer shielding the
coagulation factors, and a direct glycation of
coagulation factors, which alters their activity
(Lemkes et al. 2010). Expectedly, co-occurrence
of both conditions could potentiate these effects.

The major finding of this study was a signifi-
cantly lower APTT, the essential measure of
coagulability, in pregestational and gestational
diabetes in patients whose hyperglycemia was
poorly controlled. These results are consistent
with the findings of Gorar et al. (2016) in gesta-
tional diabetes. However, literature data are con-
tentious. van Wersch et al. (1990) have examined
female and male patients with insulin-dependent

Table 3 Coagulation tests in pregestational (PGDM) and gestational diabetes mellitus (GDM) patients with good and
poor glycemic control

Good glycemic control Poor glycemic control

PGDM n ¼ 15 n ¼ 35 p
APTT (s) 2nd trimester 32.15 � 1.98 30.03 � 2.20 <0.010

3rd trimester 33.27 � 2.53 29.36 � 4.01 <0.002
ATIII (%) 2nd trimester 117.8 � 10.2 134.7 � 11.5 <0.0001

3rd trimester 128.3 � 11.3 145.2 � 12.8 <0.001
GDM n ¼ 73 n ¼ 28 p
APTT (s) 2nd trimester 34.80 � 2.90 32.10 � 2.59 <0.0001

3rd trimester 33.52 � 3.07 29.70 � 3.12 <0.0001
ATIII (%) 2nd trimester 107.3 � 16.5 115.4 � 12.8 <0.025

3rd trimester 112.9 � 19.1 130.8 � 17.2 <0.0001
PAI-1 (IU/mL) 2nd trimester 15.9 � 4.6 19.1 � 3.2 <0.002

3rd trimester 18.7 � 8.1 27.3 � 2.5 <0.0001

Values are mean+/-SD. Student’s t-test
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diabetes and have noticed a prolongation of
APTT in subjects with lower HbA1 values.

Hyperglycemia reduces the action of anti-
thrombin III, a natural factor X inhibitor (Erem
et al. 2005), which decreases the formation of
thrombin-antithrombin complexes, and thus also
thrombin overactivity, and enhances propensity
for hypercoagulability. There are data that dem-
onstrate either a positive (Griffin et al. 2001) or
negative (Ceriello 1993) relationship between
HbA1 and ATIII activity. In this study, ATIII
activity was significantly higher in both 2nd and
3rd trimesters of pregnancy in PGDM and GDM
patients with unsatisfactory glycemic control.
This result is consistent with the observations of
Donders et al. (1993) who have found a positive
correlation between the content of glycated
hemoglobin and ATIII activity in patients with
diabetes. Such a relationship may be a

manifestation of a defense mechanism against
endovascular coagulation or a reflection of
increased ATIII release from damaged endothe-
lium. ATIII activity may also be reduced due to
nonenzymatic glycation (Ceriello 1993).
Decreased antithrombin activity has been noticed
in nonpregnant patients with insulin-dependent
diabetes, irrespective of the incidence of vascular
complications, in a study of Leurs et al. (1997).
There are no data in the literature evaluating this
aspect in pregnant women.

In pregnancy, a decrease in fibrinolysis and
enhancement of coagulation also occur due to an
increase in PAI-1 and PAI-2 that are synthesized
by the endothelium and placenta, respectively.
High plasma levels of PAI-1 have been shown
in normal pregnancy (Cerneca et al. 1997).
Kvasnicka et al. (1996) have reported elevated
PAI-1 content also in gestational diabetes.
Hyperexpression of the PAI-1 antigen is present
in nonpregnant patients with type 1 and type
2 diabetes (Vaughan 2005). Poorly controlled
diabetes can decrease fibrinolysis by reducing
the nonenzymatic glycosylated susceptibility to
plasmin digestion. Untreated fibrin deposits accu-
mulate in tissues and contribute to the develop-
ment of diabetic complications. The available
knowledge can hardly enable the presentation of
a unified and unambiguous view on the function
of fibrinolysis in patients with diabetes. Both a

Table 4 Lipid profiles in pregestational (PGDM) and gestational diabetes mellitus (GDM) patients with good and poor
glycemic control

Good glycemic control Poor glycemic control

PGDM n ¼ 15 n ¼ 35 p
CH-T (mg/dL) 2nd trimester 210.9 � 19.5 240.8 � 18.1 <0.0001

3rd trimester 225.3 � 28.7 307.2 � 14.6 <0.0001
HDL (mg/dL) 2nd trimester 54.9 � 12.1 60.8 � 5.7 <0.0300

3rd trimester 71.4 � 16.9 61.4 � 23.6 ns
Triglycerides (mg/dL) 2nd trimester 255.9 � 72.4 28.3 � 92.0 ns

3rd trimester 274.4 � 68.1 352.8 � 74.5 <0.002
GDM n ¼ 73 n ¼ 28 p
HDL (mg/dL) 2nd trimester 55.1 � 12.3 57.9 � 0.8 ns

3rd trimester 56.1 � 18.2 78.4 � 7.9 <0.0001
TG (mg/dL) 2nd trimester 178.3 � 46.5 214.5 � 89.5 <0.0100

3rd trimester 225.9 � 53.1 312.7 � 68.4 <0.0001

Values are means �SD. Student’s t-test
CH-T total cholesterol, HDL high-density lipoprotein, TG triglycerides, ns nonsignificant

Table 5 Correlation between lipids and coagulation tests
in pregestational diabetes mellitus (PGDM) patients with
poor glycemic control

APTT ATIII
r p r p

CH-T 0.27 <0.04 ns ns
TG 0.35 <0.01 0.27 <0.03

APTT activated partial thromboplastin time, ATII anti-
thrombin III, CH-T total cholesterol, TG triglycerides.
Spearman’s rank correlation coefficient test; ns
nonsignificant
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decrease (Kearney et al. 2017; Carr 2001) and no
change (Gorar et al. 2016; Bellart et al. 1998) in
fibrinolytic activity have been noticed. The dis-
crepancy may result from inhomogeneity of
patients investigated concerning the type and
duration of diabetes, the effectiveness of
glycemic control, and the coexistence of
complications. In our study, PAI-1 activity was
significantly enhanced in the condition of poor
glycemic control in GDM patients only. This
finding is consistent with those of Kvasnicka
et al. (1996) in GDM and Erem et al. (2005) in
non-insulin-dependent diabetes.

A decrease in fibrinolysis often associates with
disorders of lipid metabolism and diabetes (Latron
et al. 1991). Also, a relationship between PAI-1
content and serum CH-T and TG has been
demonstrated. However, no effect of insulin has
been noticed on PAI-1 in diabetic patients,
irrespective of the presence of vascular
complications. Konieczynska et al. (2014) have
shown that PAI-1 content is unaffected by
glycemic control and diabetes duration in patients
with non-insulin-dependent diabetes. In contradis-
tinction, in the present study, we showed that poor
glycemic control increased PAI-1 activity in GDM
patients. It seems that hyperglycemia and
hypoinsulinemia are responsible for abnormal
lipid metabolism (Ritchie et al. 2017; Briguori
et al. 2004). In patients with insulin deficiency,
reduced lipoprotein lipase activity impedes the
removal of triglyceride-rich lipoproteins from cir-
culation. Cholesterol is essential for normal fetal
development, as it is essential for the formation of
cell membranes. In the present study, patients with
unsatisfactorily controlled PGDM had a higher
level of CH-T, and those with GDM had a higher
level of TG in the 2nd and 3rd trimesters of preg-
nancy. That is consistent with the studies in which
glycemic control, assessed by HbA1c, correlated
with the contents of CH-T, LDL, and triglycerides
(Koukkou et al. 1996). We also found that patients
with poorly controlled PGDM had a significantly
higher mean HDL content in the 2nd trimester.
However, diabetic-induced changes in HDL are
less clear. In the DCCT study, a lower HDL level
and a higher TG level, associated with the

effectiveness of diabetes control, assessed from
the value of HbA1c, were found in young
women with insulin-dependent diabetes (DCCT
Research Group 1992).

Hypertriglyceridemia is associated with high
levels of prothrombin, fibrinogen, and factors VII,
VIII, IX, X, and PAI-1 (Griffin et al. 2001). In the
present study, however, we noticed positive
associations only between ATIII activity and a
shortened APTT and hypertriglyceridemia in
patients with poorly controlled PGDM. In a
study of Erem et al. (2005), ATIII activity was
associated with plasma CH-T and TG. Although
the plasma lipids associate with the severity of
diabetes mellitus, the level of glycemia, above
which disorders of lipid metabolism appear, is
unknown (Kalaria et al. 2016). The exact
mechanisms that underlie the influence of hyper-
lipidemia on fibrinolytic activity and in particular
on PAI-1 activity are still elusive (Morelli et al.
2017). Any factors that change the balance
between thrombin generation and fibrinolytic
activity may lead to the formation of thrombosis
or bleeding complications.

The regulation of hemostasis and thrombosis
involves numerous plasma factors that contribute
to procoagulant and anticoagulant pathways.
Lipids and hyperglycemia are among such
factors. Procoagulant lipids/lipoproteins include
triglyceride-rich particles and oxidized
low-density lipoprotein (LDL) in plasma which
can accelerate the activation of prothrombin and
factors VII and X. The potentially anticoagulant
lipids and lipoproteins, including HDL, enhance
the inactivation of factor Va (Griffin et al. 2001).
The procoagulant and anticoagulant lipoproteins
in the plasma are a viable part of the regulatory
system of thrombin generation.

In conclusion, poor glycemic control
adversely affects lipid metabolism and coagula-
tion process in pregnancies complicated by dia-
betes. Hampered lipid metabolism intensifies the
prothrombotic propensity and decreases fibrino-
lytic activity.
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